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(54) Method and system for forming a semiconductor device 



(57) A stamping tool (21 0) is used to generate three- 
dimensional resist structures whereby thin film pattern- 
ing steps can be transferred to the resist in a single 
molding step and subsequently revealed in layer 
processing steps. A semiconductor device is formed by 
depositing a first layer of material [41 5] over a substrate 
[410] and forming a 3-dimensional (3D) resist structure 
[420] over the substrate [410] wherein the 3D resist 
structure [420] comprises a plurality of different vertical 



heights throughout the structure [420]. A system for 
forming a semiconductor device comprises means for 
depositing a first layer of material [415] over a flexible 
substrate [410], means for depositing a layer of resist 
over the flexible substrate [41 0], means for transferring 
a 3D pattern to the layer of resist to form a 3D layer of 
resist [420] over the flexible substrate [410] and means 
for utilizing the 3D layer of resist [420] to form a cross- 
point array [440] over the flexible substrate [41 0]. 
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Description 

[0001] The present Invention relates generally to the 
field of semiconductor devices and more particularly to 
a method and system for forming a semiconductor de- 
vice. 

[0002] There is currently a strong trend toward down- 
sizing existing structures and fabricating smaller struc- 
tures. This process is commonly referred to as micro- 
fabrication. One area in which microfabrication has had 
a sizeable impact is in the microelectronic area. In par- 
ticular, the downsizing of microelectronic structures has 
generally allowed the structures to be, less expensive, 
have higher performance, exhibit reduced power con- 
sumption, and contain more components for a given di- 
mension. Although microfabrication has been widely ac- 
tive in the electronics industry, it has also been applied 
to other applications such as biotechnology, optics, me- 
chanical systems, sensing devices, and reactors. 
[0003] One method employed in the microfabrication 
process is imprint lithography. Imprint lithography is typ- 
ically utilized to pattern thin films on a substrate material 
with high resolution. The thin films patterned can be di- 
electrics, semiconductors, metals or organics and can 
be patterned as thin films or individual layers. Imprint 
lithography is particularly useful for patterning devices 
in a roll-to roll environment since imprint lithography is 
not as sensitive to planarity as conventional photolithog- 
raphy. Additionally, imprint lithography has a higher 
throughput and can handle wider substrates. 
[0004] Typically, the fabrication of an electronic de- 
vice will require several patterning steps that often must 
be aligned with each other with a degree of accuracy 
approaching or even exceeding the minimum feature 
size. In conventional photolithography, optical align- 
ment marks are used to guarantee alignment between 
successive patterning steps. Although, it is possible to 
use optical alignments in a roll-to-roll process it is not 
practical for several reasons. First, it adds additional 
complexity since the fundamental imprint lithography 
process is not optical. Next, the lack of planarity of the 
substrate in a roll-to-roll environment causes difficulties 
in the accuracy with which optical alignments can be 
made due to depth of field restrictions and other optical 
aberrations. Finally, the flexible substrates used In roll- 
to-roll processing may experience dimensional changes 
due to variations in temperature, humidity, or mechani- 
cal stress. These contractions or dilations of one pat- 
terned layer with respect to the next may make align- 
ments of a large area impossible. 
[0005] Accordingly, what is needed is a method and 
system for fabricating a device that overcomes the 
above referenced problems. The method and system 
should be simple, cost effective and capable of being 
easily adapted to existing technology. The present in- 
vention addresses these needs. 
[0006] The invention includes a method and system 
for forming a semiconductor device. The invention in- 



2 

volves the utilization of a stamping tool to generate 
three-dimensional resist structures whereby thin film 
patterning steps can be transferred to the resist in a sin- 
gle molding step and subsequently revealed in later 

5 processing steps. Accordingly, the alignments between 
successive patterning steps can be determined by the 
accuracy with which the stamping tool has been fabri- 
cated, regardless of the dilations or contractions that 
can take place during the fabrication process. 

w [0007] A first aspect of the invention includes a meth- 
od for forming a semiconductor device. The method 
comprises providing a substrate, depositing a first layer 
of material over the substrate and forming a 3-dimen- 
sional (3D) resist structure over the substrate wherein 

15 the 3D resist structure comprises a plurality of different 
vertical heights throughout the structure. 
[0008] A second aspect of the invention includes a 
system for forming a semiconductor device comprising 
means for depositing a first layer of material over aflex- 

20 ible substrate, means for depositing a layer of resist over 
the flexible substrate, means for transferring a 3D pat- 
tern to the layer of resist to form a 3D layer of resist over 
the flexible substrate and means for utilizing the 3D layer 
of resist to form a cross-point array over the flexible sub- 

25 strate. 

[0009] Other aspects and advantages of the present 
invention will become apparent from the following de- 
tailed description, taken in conjunction with the accom- 
panying drawings, illustrating by way of example the 
30 principles of the invention 

Figure 1 is a high-level flow chart of the method in 
accordance with the present invention. 

35 Figures 2(a)-2(c) show the formation of a 3D resist 
structure utilizing a stamping tool. 

Figure 3 is an illustration of a cross-point array con- 
figuration. 

40 

Figures 4(a)-4(g) illustrate a first embodiment of 
forming a cross-point array utilizing the shadowing 
effect. 

45 Figure 5 Is a flowchart of the first embodiment of the 
method in accordance with the present invention. 

Figures 6(a)-6(i) illustrate a second embodiment of 
forming a cross-point array utilizing two polymers. 

50 

Figure 7 is a flowchart of the second embodiment 
of the method in accordance with the present inven- 
tion. 

55 Figure 8 shows the results of an experiment where 
a substrate was coated with a thin layer of photopol- 
ymer and subsequently molded by an ultraviolet 
transparent mold of PDMS. 
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Figure 9 is an illustration of a topology whereby a 
first feature is more narrow than a second feature. 

Figures 1 0(a)-1 0(1 ) illustrate a third embodiment of 
forming a cross-point array by utilizing capillary 5 
forces. 

Figure 11 is a flowchart of the third embodiment of 
the method in accordance with the present inven- 
tion. 10 

[001 0] The present invention relates to a method and 
system for forming a semiconductor device. The follow- 
ing description is presented to enable one of ordinary 
skill in the art to make and use the invention and is pro- 1$ 
vided in the context of a patent application and its re- 
quirements. Various modifications to the preferred em- 
bodiment and the generic principles and features de- 
scribed herein will be readily apparent to those skilled 
in the art. Thus, the present invention is not intended to 20 
be limited to the embodiment shown but is to be accord- 
ed the widest scope consistent with the principles and 
features described herein. 

[0011] As shown in the drawings for purposes of illus- 
tration, the invention is a method and system forforming 25 
a semiconductor device. The invention involves the uti- 
lization of a stamping tool to generate three-dimensional 
resist structures whereby a plurality of patterns can be 
transferred to the resist in a single molding step and sub- 
sequently revealed in later processing steps. 30 
[0012] Although the present invention has been de- 
scribed as being utilized to form a semiconductor de- 
vice, one of ordinary skill in the art will readily recognize 
that the present invention could be utilized to form other 
typos of devices (e.g. mechanical, optical, biological, 35 
etc.) while remaining within the spirit and scope of the 
present invention. 

[0013] For a better understanding of the present in- 
vention please refer to Figure 1 . Figure 1 is a high-level 
flow chart of the method in accordance with the present 40 
invention. First, a substrate is provided, via step 110. 
Preferably, the substrate comprises a flexible substrate 
adequate for use in a roll-to-roll fabrication process. 
Next, a layer of material is deposited over the substrate, 
via step 120. The material preferably comprises an or- 45 
ganic or inorganic material. Finally, a 3-dimensional 
(3D) resist structure is formed over the first layer of ma- 
terial wherein the 3D resist structure comprises a plu- 
rality of different vertical heights throughout the struc- 
ture, via step 130. Preferably, the 3D resist structure is so 
generated by utilizing a stamping tool. Since the 3D re- 
sist structure comprises a plurality of different vertical 
heights throughout the structure, the structure can be 
utilized to transfer alignment patterns to an underlying 
layer based on subsequent etching steps. 55 
[0014] As previously mentioned, this invention in- 
volves the utilization of a stamping tool to create a 3D 
resist structure over a flexible substrate. For a clearer 



understanding of this concept, please refer to Figures 2 
(a)-2(c). Figures 2(a)-2(c) show cross-sections of the 
formation of a 3D resist structure utilizing a stamping 
tool. Figure 2(a) shows a cross-section of the stamping 
tool 210 and an unformed layer of resist material 214. 
The stamping tool 21 0 includes the 3D pattern 21 2 that 
will be transferred to the layer of resist 214. The resist 
layer 214 could comprise any of a variety of commer- 
cially available polymers. For example, a polymer from 
the Norland optical adhesrves (NOA) family of polymers 
could be used. 

[001 5] The stamping tool 21 0 is then brought into con- 
tact with resist layer 21 4 thereby displacing the resist 
layer 214 into the 3D pattern 212 of the stamping tool 
21 0. Figure 2(b) shows a cross-section of the stamping 
tool 21 0 having been brought into contact with the resist 
layer 214. The displaced resist layer 214 is then cured 
utilizing ultraviolet lithography or any other suitable cur- 
ing means. Figure 2(c) shows a cross-section of the 
formed resist layer 21 4\ 

[0016] Additionally, as can be seen in Figure 2(c), the 
formed resist layer 214* or resist structure, comprises 
different vertical heights 216, 218, 220, 222. Preferably, 
the vertical heights are discretely different i.e. at least 
one height is substantially different from another height. 
Accordingly, these different vertical heights allow the 
structure 214' to be utilized to transfer alignment pat- 
terns to an underlying layer based on subsequent etch- 
ing steps. These structures are particularly useful in the 
formation of cross-point memory arrays. 

Cross-point Arrays 

[0017] Preferably, the cross-point memory array com- 
prises two layers of orthogonal sets of spaced parallel 
conductors arranged with a semiconductor layer there- 
between. The two sets of conductors form row and col- 
umn electrodes overlaid in such a manner that each of 
the row electrodes intersects each of the column elec- 
trodes at exactly one place. 

[0018] For a more detailed understanding of a cross- 
point array, please refer now to Figure 3. Figure 3 is an 
illustration of a cross-point array configuration 300. At 
each of the intersections, a connection is made between 
the row electrode 310 and column electrode 320 
through a semiconductor layer 330 which acts in the 
manner of a diode and a fuse in series. The diodes in 
the array are ail oriented so that if a common potential 
is applied between all the row electrodes and all the col- 
umn electrodes then all the diodes will be biased in the 
same direction. The fuse element may be realized as a 
separate element that will open-circuit when a critical 
current is passed therethrough or it may be incorporated 
in the behavior of the diode. 

[0019] One of ordinary skill in the art will readily rec- 
ognize that the above described cross-point arrays 
could be utilized in the formation of a variety of semi- 
conductor devices including, but not limited to, transis- 
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tors, resistors, capacitors, etc. while remaining within 
the spirit and scope of the present invention. 
[0020] Three different approaches will now be pre- 
sented for utilizing the aforementioned 3D resist struc- 
ture to form a cross-point array. The first approach uti- 
lizes the "shadowing" effect in conjunction with the 3D 
structure to form a cross-point array; the second ap- 
proach utilizes two polymers with mutual etch selectivity 
to form the cross-point array; the third approach utilizes 
the effect of capillary forces to generate the 3D structure 
and form the cross-point array. Although three ap- 
proaches are described, one of ordinary skill will readily 
recognize that the 3D resist structure could be utilized 
in conjunction with a variety of different approaches 
while remaining within the spirit and scope of the present 
invention. 

Shadowing Effect 

[0021] The first approach to utilizing the 3D resist 
structure to form a cross-point array takes into account 
the shadowing effect. The shadowing effect is the phe- 
nomenon whereby under proper conditions when a thin 
film is deposited on asurface that contains trenches with 
steep sidewalls, the deposited material will aggregate 
preferentially on the surfaces normal to the direction of 
deposition and avoid covering the sidewalls. Depositing 
at an angle and thereby 'shadowing* one of the sidewalls 
can sometimes enhance this effect. 
[0022] For a better understanding of how the shadow- 
ing effect is taken into account in this approach, please 
refer now to Figures 4(a)- 4(g) in conjunction with the 
following description. Figures 4(a)-4(g) illustrate a proc- 
ess of forming a cross-point array utilizing the shadow- 
ing effect. Figure 4(a) is a side view of a configuration 
400 comprising a flexible substrate 410, a first layer of 
material (first thin film stack 1 ) 415, and a formed 3D re- 
sist structure 420. 

[0023] Once, the resist structure is formed, the proc- 
ess begins by removing the thinnest layer of the resist 
structure via an anisotropic etch process thereby expos- 
ing a portion of the first thin film stack. Figure 4(b) shows 
exposed portions 415' the first thin film stack. Next, us- 
ing the same or different etch chemistry, the exposed 
portion of the first thin film stack is etched whereby a 
plurality of pockets are formed in the substrate. Figure 
4(c) shows the configuration after pockets 425 have 
been etched into the substrate 410. It is important that 
during this process that the sidewalls of the pockets re- 
main steep and the pockets have a depth much greater 
than the thickness of the first thin film stack. Ideally, it is 
best if the pockets in the substrate slightly undercut the 
first thin film stack in order to enhance the 'shadowing 1 
effect. 

[0024] Next, the next thinnest layer of the resist struc- 
ture is etched thereby exposing a second portion of the 
first thin film stack. The exposed second portion of the 
first thin film stack is then etched through. However, in 



this step, etching is stopped when the thin film stack is 
removed from the substrate beneath it. Figure 4(d) 
shows the exposed substrate 41 0' after this step. 
[0025] In the next step, the next thinnest portion of the 

5 resist structure is etched thereby exposing a third por- 
tion of the first thin film stack. However, in this step, the 
exposed portion of the first thin film stack is not etched. 
At the completion of this step, all that remains of the orig- 
inal resist are a series of isolated islands. Figure 4(e) 

10 shows the isolated islands of resist 430 and the exposed 
portions 41 5" of the first thin film stack. 
[0026] Next, a second layer of material (second thin 
film stack) is deposited over the entire configuration. 
The second thin film stack preferably comprises a sem- 

15 iconductor material and a conductive material. Trie con- 
ditions of these depositions will be such that the small 
step, resulting from the thickness of the first thin film 
stack, will be covered conformally. However, the larger 
steps, corresponding to the sidewalls of the pockets, will 

20 not be covered. Figure 4(f) shows the second thin film 
stack 435 after deposition. 

[0027] Finally, the remaining portion of the resist 
structure is removed thereby forming a cross-point ar- 
ray. Figure 4(g) shows the structure comprising of the 

25 cross-point arrays 440. Although at the end of this step, 
cross-point arrays have been formed, an additional step 
may include a light cleaning to remove any residual films 
on the sidewalls that could possibly produce shunts in 
the final device. 

30 [0028] For a better understanding of the above-de- 
scribed approach, please refer now to Figure 5. Figure 
5 is a flowchart of the above-described method in ac- 
cordance with the present invention. First, once the re- 
sist structure is formed, a first thinnest layer of the resist 

35 structure is anisotropically etched, thereby exposing a 
first portion of the first thin film stack, via step 510. Next, 
the exposed first portion of the first thin film stack is 
etched whereby a plurality of pockets are formed in the 
substrate, via step 520. Preferably, the pockets com- 

40 prise a depth much greater than the first thin film stack 
and slightly undercut the first thin film stack thereby en- 
hancing the shadowing effect. Next, a second thinnest 
layer of the resist is etched thereby exposing a second 
portion of the first thin film stack, via step 530. 

45 [0029] The exposed second portion of the firstthin film 
stack is then etched, via step 540. A second thin film 
stack is then deposited, via step 550. Preferably, the 
second thin film stack comprises a semiconductor ma- 
terial and a conductive material. Also, the conditions of 

so these depositions are such that the small step, resulting 
from the thickness of the firstthin film stack, will be cov- 
ered while the larger steps, corresponding to the side- 
walls of the pockets, will not be covered. Finally, the re- 
maining portion of the resist is removed, via step 560. 

55 

Two mask polymers with mutual etch selectivity 
[0030] The second approach to utilizing the 3D resist 
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structure to form a cross-point array employs two poly- 
mers with properties such that each compound can be 
etch at a much greater rate than the other under certain 
conditions, e.g. for polymers A and B, the etch for poly- 
mer 'A 1 does not effect polymer 'B' and the etch for pol- 
ymer 'B' does not effect polymer 'A'. These conditions 
may comprise differing etch chemistries, different flow 
rates, different partial pressures, different plasma pow- 
er, etc. Additionally, it is preferable that both these etch 
recipes be anisotropic dry etches. 
[0031] Although the above-described approach is dis- 
closed as being utilized in conjunction with polymer ma- 
terials, one of ordinary skill in the art will readily recog- 
nize that any material that can be molded, cast and then 
cured could be utilized in place of the polymer material 
as a resist while remaining within the spirit and scope of 
the present invention. For example, spin-on-glass 
(SOG) could be utilized as the second polymer in the 
above-described embodiment of the present invention. 
[0032] For a better understanding of this approach, 
please refer now to Figures 6(a)- 6(i) in conjunction with 
the following description. Figures 6(a)-6(i) illustrate a 
process of forming a cross-point array utilizing two pol- 
ymers. Figure 6(a) shows a configuration 600 compris- 
ing a flexible substrate 61 0, a first layer of material (T irst 
thin film stack 1 ) 615, and a formed 3D resist structure 
620 wherein a plurality of different vertical heights are 
present throughout the structure 620. Once, the resist 
structure is formed, the thinnest layer of the resist struc- 
ture is removed via an anisotropic etch process thereby 
exposing a portion of the first thin film stack. Figure 6(b) 
shows the exposed portion of the first thin film stack 
615'. 

[0033] Next, using the same or different etch chemis- 
try, the exposed portion of the first thin film stack is 
etched. Ideally, these etch processes should remove the 
first thin film stack at a similar or greater rate than the 
rate at which they erode the resist structure. Next, the 
next thinnest layer of the resist structure is etched there- 
by exposing a second portion of the first thin film stack 
wherein the second exposed portion of the first thin film 
stack is adjacent to the areas etched in the previous 
step. Figure 6(c) shows the second exposed portions 
615" of the first thin film stack. 

[0034] Next, a second layer of material (second thin 
film stack) is deposited. The second thin film stack pref- 
erably comprises a semiconductor material and a con- 
ductive material. All the exposed surfaces of the sub- 
strate, first thin film stack and resist may be coated in 
this step. Figure 6(d) shows the deposited second thin 
film stack 625. 

[0035] A second polymer is then applied over the sec- 
ond thin film stack. This coating may be applied by a roll 
coating process such as a gravure coating or may be 
applied by vacuum or vapor deposition. This coating is 
intended to planarize the structure and should result in 
a substantially planar surface covering all of the topolo- 
gy produced by the preceding steps. Figure 6(e) shows 



the second polymer layer 630 covering the second thin 
film layer 625. 

[0036] Next, the second polymer layer is etched back 
until all of the second thin film stack that was deposited 
5 on the horizontal surfaces of the initial resist has been 
revealed. Figure 6(0 shows the exposed second thin 
film stack 625'after etching the second polymer layer 
630. It should be noted that it is not necessary that the 
second thin film stack act as an etch stop for this proc- 
10 ess, since it will be removed. 

[0037] Next, the second thin film stack is etched from 
the top surface of the resist structure. It is important that 
the etch process used here does not erode the second 
polymer at a rate greater than the rate at which the sec- 
15 ond thin film stack is etched. Figure 6(g) shows the ex- 
posed portions of the resist 620' after the second thin 
film stack has been etched. Next, the next thinnest sec- 
tion of the resist structure is etched away thereby ex- 
posing another portion of the first thin film stack. This 
portion of the first film stack is then removed by the same 
or different etch process. Preferably, the set of etch 
processes used to remove the resist and the first thin 
film stack do not remove the second thin film stack that 
covered by the second polymer. This may be achieved 
by having either the second polymer layer or the top lay- 
er of the second thin film stack resist the etch processes 
that remove the first thin film stack and the resist Figure 
6(h) shows the remaining portion of the second polymer 
layer 630. 

[0038] Finally, the remaining portion of the resist 
structure and the second polymer layer are removed 
thereby forming a cross-point array. Again, an additional 
step includes a light cleaning to remove any residual 
films on the sidewalls that could possibly produce 
shunts in the final device. Figure 6(i) shows the structure 
comprising of the cross-point arrays 640. 
[0039] For a better understanding of the above-de- 
scribed approach, please refer now to Figure 7. Figure 
7 is a flowchart of the above-described method in ac- 
cordance with the present invention. First, once the re- 
sist structure is formed, a first thinnest layer of the resist 
structure is anisotropically etched, thereby exposing a 
first portion of the first thin film stack, via step 705. Next, 
the exposed first portion of the first thin film stack is 
etched thereby exposing a portion of the substrate, via 
step 710. A second thinnest layer of the resist structure 
is then etched thereby exposing a second portion of the 
first thin film stack, via step 715. 
[0040] Next, second thin film stack is deposited, via 
step 720. Preferably, the second thin film stack prefer- 
ably comprises a semiconductor material and a conduc- 
tive material. A second resist layer is then applied over 
the second thin film stack, via step 725. Preferably, the 
second resist layer is capable of being applied via a roll 
coating process. Next, the second resist layer is etched 
thereby exposing a first portion of the second thin film 
stack, via step 730. This portion of the second film layer 
is then etched, step 735. Next a third thinnest layer of 
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the resist is etched thereby exposing a third portion of 
the first thin film stack, via step 740. This exposed por- 
tion is then etched, via step 745. Finally, remaining por- 
tions of the resist and the second resist layer are re- 
moved, via step 750. 

Capillary Forces 

[0041 ] A third approach to utilizing the 3D resist struc- 
ture to form a cross-point array takes into account the 
phenomenon of capillary forces. Capillary forces are 
what cause resist material to be more readily drawn into 
narrow channels as opposed to wider channels. For a 
better understanding of this concept, please refer now 
to Figure 8. 

[0042] Figure 8 shows the results of an experiment 
where a substrate was coated with a thin layer of pho- 
topolymer and subsequently molded by an ultraviolet 
(UV) transparent mold of PDMS (polydimethylsiloxane). 
In this example, the stamp comprised narrow (10um) 
and wider (100um) features, with a depth of 5.6um. A 
thin layer (09um) of UV curable polymer was applied to 
a substrate. When the stamp was in contact with the liq- 
uid polymer, capillary forces drew most of the polymer 
into the narrow channels 810 and less polymer was 
drawn to the wider region 820. It was also observed, that 
more polymer was drawn to the comer area 830 of the 
wider region 820. 

[0043] For a clearer understanding, please refer to 
Figure 9. Figure 9 is an illustration of a topology whereby 
a first feature 91 0 is more narrow than a second feature 
920. Because the first feature 910 is more narrow than 
the second feature 920, capillary forces cause a subse- 
quently deposited polymer material to be more readily 
drawn to the first feature 910 than the second feature 
920. Consequently, since the first feature 91 0 will com- 
prise a layer of polymer material thicker than that of the 
second feature 920, the underlying material can be eas- 
ily patterned based on subsequent processing steps. 
[0044] For a better understanding of this approach, 
please refer now to Figures 10 (a)-10(j) in conjunction 
with the following description. Figures 1 0(a)-1 0(1 ) illus- 
trate a process of forming a cross-point array by utilizing 
capillary forces. Figure 10(a) shows the X-X' cross-sec- 
tion (from Figure 9) view a configuration comprising a 
flexible substrate 1 01 0, a first layer of material (first thin 
film slack') 1 01 5, and a formed 3D resist structure 1 020 
wherein a plurality of different vertical heights are 
present throughout the structure 1020. Figure 10(b) 
shows the Y-Y' cross-section view of the configuration. 
Also shown in both views is feature 910 which corre- 
sponds to feature 910 of the topology of Figure 9. 
[0045] Once, the resist structure is formed, the thin- 
nest layer of the resist structure is removed via an ani- 
sotropic etch process thereby exposing a portion of the 
first thin film stack. Figure 10(c) shows the X-X' cross- 
section view of the configuration whereby a portion of 
the first thin film stack 1015* has been exposed. Figure 



10(d) shows the Y-Y' cross-section view of the configu- 
ration after the above described etch processes. 
[0046] Next, a second layer of material (second thin 
film stack) is deposited. The second thin film stack pref- 

5 erably comprises a semiconductor material and a con- 
ductive material. Figures 10(e) and 10(f) respectively 
show X-X' and Y-Y ' cross-section views of the configu- 
ration after the deposition of the second film stack 1 030. 
[0047] A second polymer is then applied over the en- 

10 tire structure. Two techniques in applying the second 
polymer are contemplated. Utilizing a first technique, the 
second polymer has a relatively low viscosity and readily 
wets the resist. The amount of the second polymer ap- 
plied is not sufficient to completely fill the voids that are 

is present on the topology of the structure, but due to cap- 
illary forces, the second polymer will be more readily 
drawn Into the narrow passages. Consequently, these 
regions will be filled to a greater depth than the regions 
where there is a larger space between the walls. 

20 [0048] The second contemplated technique involves 
applying the second polymer uniformly over the struc- 
ture using a vapor phase deposition or vacuum deposi- 
tion process. Again, based on capillary forces, the nar- 
row gaps would be obscured before the larger gaps. Al- 

25 so, the second polymer may have the same or different 
chemical composition as the resist structure since this 
process relies on geometrical effects and not etch se- 
lectivity. Figures 1 0(g) and 1 0(h) respectively show X-X' 
and Y-Y 1 cross-section views of the configuration after 

30 the deposition of the second polymer 1 040. 

[0049] Although the above-described approach is dis- 
closed as being utilized in conjunction with polymer ma- 
terials, one of ordinary skill in the art will readily recog- 
nize that any of a variety of resist compounds could be 

35 utilized while remaining within the spirit and scope of the 
present invention. 

[0050] Once the second polymer is applied, an aniso- 
tropic etch is performed whereby the exposed second 
film stack is removed thereby exposing a portion of the 

40 first resist. Figures 1 0(i) and 1 0(j) respectively show X-X' 
and Y-Y 1 cross-section views of the configuration after 
the anisotropic etch is performed. Figure 1 0(j) shows the 
exposed resist 1020'. Next, the resist and the second 
polymer are removed. The areas where the second film 

45 stack cover the first film stack are cross-point arrays. 
Figures 1 0(k) and 1 0(1 ) respectively show X-X' and Y-Y' 
cross-section views of the formed cross-point arrays 
1050. 

[0051] For a better understanding of the above-de- 
50 scribed approach, please refer now to Figure 11 . Figure 
11 is a flowchart of the above-described method in ac- 
cordance with the present invention. First, once the re- 
sist structure is formed, a first thinnest layer of the resist 
structure is anisotropically etched, thereby exposing a 
55 first portion of the first thin film stack, via step 1 1 00. Pref- 
erably, the formed resist structure comprises at least 
one feature that is wider than another feature. A second 
thin film stack is then deposited, via step 1110. Prefer- 
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ably, the second thin film stack comprises a semicon- 
ductor material and a conductive material. 
[0052] Next, second polymer layer is deposited, via 
step 1 1 20. An anisotropic etch is then performed where- 
by the second thin film stack is removed thereby expos- 
ing a portion of the resist, via step 1130. Finally, the re- 
maining portions of the resist and the second polymer 
are removed, via step 1140. 

[0053] A method and system for forming a semicon- 
ductor device has been disclosed. The method and sys- 
tem involve the utilization of a stamping tool to generate 
3D resist structures whereby thin film patterns can be 
transferred to the resist in a single molding step and sub- 
sequently revealed in later processing steps. 
[0054] Although the present invention has been de- 
scribed in accordance with the embodiments shown, 
one of ordinary skill in the art will readily recognize that 
there could be variations to the embodiments and those 
variations would be within the spirit and scope of the 
present invention. Accordingly, many modifications may 
be made by one of ordinary skill in the art without de- 
parting from the scope of the appended claims. 



Claims 

1 . A method of forming a semiconductor device com- 
prising: 

providing a substrate [410]; 

depositing a first layer of material [415] over the 

substrate [410]; and 

forming a 3-dimensional (3D) resist structure 
[420] over the substrate [410] wherein the 3D 
resist structure [420] comprises a plurality of 
different vertical heights throughout the struc- 
ture [420]. 

2. The method of claim 1 wherein the plurality of dif- 
ferent vertical heights comprises at least one height 
that is substantially different from another height. 

3. The method of claim 2 wherein the substrate [41 0] 
is a flexible substrate material andthe act of forming 
a 3D resist structure [420] further comprises: 

depositing a layer of resist over the first layer 
of material [415]; and 

transferring a 3D pattern to the layer of resist 
to form the 3D resist structure 420. 

4. The method of claim 3 wherein the act of transfer- 
ring a 3D pattern to the layer of resist further com- 
prises: 

utilizing a stamping tool to form the 3D pattern 

within the layer of resist; and 

curing the layer of resist thereby forming the 3D 



resist structure [420]. 

5. The method of claim 4 wherein the method further 
comprises: 

5 

creating a cross-point array over the substrate. 

6. The method of claim 5 wherein the act of creating 
a cross-point array 440 further comprises: 



10 

anisotropicalfy etching through a first thinnest 
layer of the 3D resist structure thereby expos- 
ing a first portion [415'] of the first layer of ma- 
terial; 

15 etching the exposed first portion [415'] of the 

first layer of material whereby a plurality of 
pockets [425] are formed In the substrate [41 0] 
wherein each of the plurality of pockets [425] 
comprise a depth greater than the thickness of 

20 the first layer of material [41 5); 

etching through a second thinnest layer of the 
3D resist structure thereby exposing a second 
portion of the first layer of material; 
etching the exposed second portion of the first 

25 layer of material; 

etching through a third thinnest layer of the 3D 
resist structure thereby exposing a third portion 
[41 5 n ] of the first layer of material; 
depositing a second layer of material [435] over 

30 the exposed portions of the first layer of mate- 

rial and a remaining portion of the 3D resist 
structure wherein the second layer of material 
[435] comprises a semiconductor material and 
a conductive material; and 

55 removing the remaining portion of the 3D resist 

structure. 

7. The method of claim 5 wherein the act of creating 
a cross-point array further comprises: 

40 

anisotropically etching through a first thinnest 
layer of the 3D resist structure thereby expos- 
ing a first portion [615'] of the first layer of ma- 
terial; 

45 etching the exposed first portion [6151 of the 

first layer of material thereby exposing a portion 
of the substrate; 

etching through a second thinnest layer of the 
3D resist structure 620 thereby exposing a sec- 

50 ond portion [61 5°] of the first layer of material; 

depositing a second layer of material [625] over 
the exposed portions of the first layer of mate- 
rial and a remaining portion of the 3D resist 
structure wherein the second layer of material 

55 [625] comprises a semiconductor material and 

a conductive material; 

roll-coating a second resist layer [630] over the 
second layer of material [625] wherein the sec- 
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ond resist layer [630] has a different etch rate 
than the 3D resist structure; 
etching the second resist layer [630] thereby 
exposing a first portion [625 1 ] of the second lay- 
er of material; 5 
etching the first portion [6251 of the second lay- 
er of material; 

etching the third thinnest layer of the 3D resist 
structure thereby exposing a third portion of the 
first layer of material; 10 
etching the third portion of the first layer of ma- 
terial; and 

removing a remaining portion ofthe 3D resist 
structure and a remaining portion of the second 
resist layer [625]. 15 

8. The method of claim 5 wherein the 3D resist struc- 
ture comprises at least one channel [910] that Is 
narrower than another channel and the act of cre- 
ating a cross-point array further comprises: 20 

depositing a second layer of material [1030] 
over the exposed portion [1 01 S'] of the first lay- 
er of material and a remaining portion ofthe 3D 
resist structure wherein the second layer of ma- 25 
terial [1 030] comprises a semiconductor mate- 
rial and a conductive material; 
depositing a second resist layer [1 040] over the 
second layer of material [1030] wherein the 
second resist layer [1 040] is more readily drawn 30 
to the at least one channel [910]; 
anisotropically etching the second layer of ma- 
terial [1 030] thereby exposing a portion of the 
3D resist structure; and 

removing the remaining portion ofthe 3D resist 35 
structure and the remaining portion of the sec- 
ond resist layer [1 040]. 

9. A method of forming a semiconductor device com- 
prising: 40 

providing a flexible substrate material [410]; 
depositing a first layer of material [41 5] over the 
flexible substrate [410]; and 

depositing a layer of resist over the first layer «s 
of material; 

utilizing a stamping tool to form a 3D pattern in 
the layer of resist; 

curing the layer of resist thereby forming a 3D 
resist structure [420] over the first layer of ma- so 
terial [41 5] wherein the 3D resist structure [420] 
comprises a plurality of different vertical height 
wherein at least one height is substantially dif- 
ferent from another height; and 
utilizing the 3D resist structure [420] to create 55 
a cross-point array [440] on the flexible sub- 
strate^ 0]. 



1 0. A system for forming a semiconductor device com- 
prising: 

means for depositing a first layer of material 
[41 5] over a flexible substrate [41 0]; 
means for depositing a layer of resist over the 
flexible substrate [410]; 
means for transferring a 3D pattern to the layer 
of resist to form a 3D layer of resist 420 over 
the first layer of material wherein the 3D pattern 
comprises a plurality of different vertical heights 
wherein at least one height is substantially dif- 
ferent from another height; and 
means for utilizing the 3D layer of resist 420 to 
form a cross-point array [440] over the flexible 
substrate [410]. 
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Providing a substrate. 
HO 



Depositing a first layer of 
material over the 
substrate. 
120 



Forming a 3D resist 
structure over the 
substrate. 
130 



Figure 1 
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Figure 2(a) 
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Figure 2(b) 
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Figure 3 
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Figure 4(b) 
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Figure 4(c) 
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Figure 4(g) 
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Etching through a first thinnest 
layer of the 3D resist structure. 
510 



if 



Etching the exposed portion of 

the first layer of material 
whereby a plurality of pockets 
are formed in the substrate. 
520 



][ 

Etching the second thinnest 
layer 

of the 3D resist structure thereby 
exposing a second portion of the 
first layer of material. 
530 



. J 

Etching the exposed second 
portion of the first layer of 
material, 
540 
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Depositing a second thin film 
stack. 
S50 



I 

Removing the remaining portion 
of the 3D resist structure. 
560 



Figure 5 
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Figure 6{a) 
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Figure 6(h) 
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Etching through a first 
thinnest layer of the 3D 
resist structure. 
705 



i 



Etching the exposed (First 
portion of the first layer of 
material. 
710 
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Etching through a second 
thinnest layer of the 3B 
resist structure thereby 
exposing a second portion 
of the first layer of 
material. 
715 



Depositing a second <t+*in 
film. 
720 



Depositing a second resist 
layer over the second layer 
of material. 
725 
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Etching the second resist 
layer thereby exposing a 
first portion of the second 
layer of material. 
730 



Etching the exposed first 
portion of the second layer 
of material. 
735 
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Etching through a third 
thinnest layer of the 3D 
resist structure thereby 
exposing a third portion of 
the first layer of material. 
740 
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Etching the exposed third 
portion of the first layer of 
material. 
745 
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Removing a remaining 
portion of the 3D resist 
structure and a remaing 
portion of the second resist 
layer. 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10(d) Y-Y' 
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Figure 10(e) X-X' 
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Figure 10(g) X-X' 
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Figure 10(h) Y-Y 1 
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Figure 10(1) Y-Y' 
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Etching through a first thinnest layer of 
the 3D polymer structure thereby 
expensing a portion of the first film 
stack. 
HOO 

I 

Depositing a second thin film stack. 
lllO 

i 

Depositing a second polymer layer. 
1120 

i 

Etching the second thin film stack 
thereby exposing a portion of the resist. 
1130 

1 

Removing remaining portions of the 
polymer structure and the second 
polymer layer. 
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Figure 11 
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